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VEHICLE SUPPORT SYSTEM 



TECHNICAL FIELD 

[0001] The following disclosure relates generally to vehicle support systems, for 

example, vehicles that have movable support assemblies having spread and 
stowed positions. 

BACKGROUND 

[0002] Adjustable support systems for vehicles have been developed to increase 

the effective width of the vehicle during various types of operations. As an 
example, adjustable support systems have been used to add stability while 
operating a lift with a basket or while operating other tools (e.g., tools found on 
excavators). Increased stability is often provided by vehicle support systems 
having wheels on telescoping axles that can be extended to increase the vehicle's 
wheel track. Other support systems include deployable stabilizer arms, 
independent from the wheels, that can be lowered in a vertical plane to effectively 
increase the width of the vehicle's track. 

[0003] One conventional vehicle support system has a pair of support arms 

pivotally mounted to a chassis. One actuator is connected to one of the support 
arms and to the chassis, and another actuator is connected to the other support 
arm and to the chassis. Each actuator pivotally moves its respective support arm 
relative to the chassis. Accordingly, the first and second support arms are pivoted 
by separate actuators. The costs for manufacturing and maintaining this type of 
system can be expensive and labor-intensive. 
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SUMMARY 



[0004] The present invention is generally directed toward vehicle support systems, 

and in particular, vehicles that have elongated support assemblies having spread 
and stowed positions. One aspect of the invention is directed toward a vehicle 
support system including a base, and first and second elongated support 
assemblies pivotally coupled to the base. The first and second support 
assemblies are movable relative to the base and relative to each other between 
spread and stowed positions. The first and second support assemblies support at 
least a portion of the base above a support surface. A control mechanism 
mechanically interconnects the first and second support assemblies, and is 
configured to control pivotal movement of each of the first and the second support 
assemblies between the spread and stowed positions. 

[0005] Another aspect of the invention is directed toward a vehicle support system 

including a base, and first and second elongated support assemblies pivotally 
coupled to the base. The first and second support assemblies are movable 
relative to the base and relative to each other between spread and stowed 
positions. The first and second support assemblies support at least a portion of 
the base above a support surface. A first wheel assembly is coupled to the first 
support assembly and a second wheel assembly is coupled to the second support 
assembly. A first steering mechanism is coupled to the first wheel assembly and 
the first support assembly, and a second steering mechanism is coupled to the 
second wheel assembly and the second support assembly. The first and second 
steering mechanisms can independently angularly position the corresponding first 
and second wheel assemblies relative to the first and second support assemblies. 

[0006] A control system is operatively coupled to the first and second steering 

mechanisms and is configured to command selected angular positions of the first 
and second wheel assemblies relative to the base by compensating for the first 
and second support assemblies being in the spread or stowed positions. At least 
one of the angular positions being such that the first or second wheel assembly 
will create a force tending to urge the first and second support assemblies to move 
relative to one another as the vehicle translates. 
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[0007] Still another aspect of the invention is directed toward a vehicle support 

system including a base, and first and second elongated support assemblies 
pivotally coupled to the base. The first and second support assemblies are 
movable relative to the base and relative to each other between spread and 
stowed positions. The first and second support assemblies support at least a 
portion of the base above a support surface. A control mechanism mechanically 
interconnects the first and second support assemblies, and is configured to control 
pivotal movement of each of the first and the second support assemblies between 
the spread and stowed positions. A first wheel assembly is coupled to the first 
support assembly and a second wheel assembly is coupled to the second support 
assembly. A first steering mechanism is coupled to the first wheel assembly and 
the first support assembly, and a second steering mechanism is coupled to the 
second wheel assembly and the second support assembly. The first and second 
steering mechanisms can independently angularly position the corresponding first 
and second wheel assemblies relative to the first and second support assemblies. 
A control system is operatively coupled to the first and second steering 
mechanisms and is configured to command selected angular positions of the first 
and second wheel assemblies relative to the base by compensating for the first 
and second support assemblies being in the spread or stowed positions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is an isometric view of a vehicle with a vehicle support system 
having spreadable support assemblies in accordance with an embodiment of the 
invention. 

Figure 2 is an enlarged partially schematic top plan view of a portion of the 
vehicle support system with spreadable support assemblies of Figure 1. 

Figure 3A is a partially schematic top plan view of a portion of a vehicle 
support system with spreadable support assemblies in accordance with another 
embodiment of the invention. 



[0008] 

[0009] 
[0010] 
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[oon] Figure 3B is a partially schematic top plan view of a portion of a vehicle 

support system with spreadable support assemblies and locking devices in 

accordance with yet another embodiment of the invention. 
[0012] Figure 4 is a partially schematic top plan view of a portion of a vehicle 

support system with spreadable support assemblies and stops in accordance with 

a further embodiment of the invention. 
[0013] Figure 5A is a partially schematic top plan view of a portion of a vehicle 

support system with spreadable support assemblies and a mechanical link in 

accordance with certain embodiments of the invention. 
[0014] Figure 5B is a partially schematic top plan view of a vehicle support system 

with spreadable support assemblies and two mechanical links in accordance with 

another embodiment of the invention. 
[0015] Figure 6 is a partially schematic top plan view of a portion of a vehicle 

support system with spreadable support assemblies and a control system in 

accordance with other embodiments of the invention. 
[0016] Figure 7 is a partially schematic side elevation view of a vehicle with a 

vehicle support system and a basket in accordance with at least one embodiment 

of the invention. 

[0017] Figure 8 is a partially schematic side elevation view of a vehicle with a 

vehicle support system and a tool in accordance with still another embodiment of 
the invention. 

DETAILED DESCRIPTION 

[0018] The present disclosure describes vehicle support systems. Several specific 

embodiments are set forth in the following description and in Figures 1-8 to 
provide a thorough understanding of certain embodiments of the invention. One 
skilled in the art, however, will understand that the present invention may have 
additional embodiments, and that other embodiments of the invention may be 
practiced without several of the specific features explained in the following 
description. 
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[0019] Figure 1 is an isometric view of a vehicle with a vehicle support system 202 

in accordance with one embodiment of the invention. Figure 2 is a partially 
schematic top plan view of a portion of the vehicle support system 202 of Figure 1 . 
In Figure 1 , the vehicle support system 202 has four elongated support assemblies 
220 coupled to a base 210, one of which is hidden from view. Other embodiments 
can have more or fewer support assemblies 220. Each support assembly 220 has 
a wheel assembly 270 that engages the ground or other support surface 208. 
Accordingly, the support assemblies 220 support the base 210 above the support 
surface 208. The support assemblies 220 are pivotally coupled to the base 210 
and movable relative to the base and relative to each other between a spread 
position (shown in Figure 1) and a stowed position (shown in Figure 2). When the 
support assemblies 220 are in the stowed position, the vehicle's wheel track (side- 
to-side) is smaller than the vehicle's wheel track when the support assemblies are 
in the spread position. 

[0020] In one embodiment, the support assemblies 220 and wheel assemblies 270 

are sized so, when the support assemblies are in the stowed position, the wheel 
assemblies 270 on the right side of the vehicle are spaced apart from the wheel 
assemblies 270 on the left side to fit within a normal traffic lane on a road or to fit 
on a trailer. Accordingly, the vehicle can be driven on a normal road for easy 
transit when the support assemblies 220 are in the stowed position. When the 
support assemblies 220 are pivoted to the spread position, the vehicle's wheel 
track is significantly increased. Accordingly, the support assemblies 220 in the 
spread position provide increased stability of the vehicle for example, as required 
during operation of an excavator or lift basket (although transit is still possible with 
the support assemblies 220 in the spread position). 

[0021] In Figure 2, two support assemblies 220 are shown as a first support 

assembly 221 and a second support assembly 222. The first and second support 
assemblies are pivotally coupled to the base 210 by support couplers 223. Other 
embodiments can have more than two support assemblies 220, and/or two or 
more support assemblies 220 can be coupled to the base 210 with a single 
support coupler 223. 
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[0022] The first and second support assemblies 221 and 222 are coupled together 

by a control mechanism 240 that controls the pivotal movement of the first and 
second support assemblies 221 and 222 between the spread and stowed 
positions. In one embodiment, the control mechanism 240 is configured to control 
at least one of a rate of movement, a range of movement, and a direction of 
movement of the first and second support assemblies 221 and 222. The control 
mechanism 240 of the illustrated embodiment includes a hydraulic actuator 245 
pivotally connected to each of the first and second support assemblies 221 and 
222. The control mechanism pushes or pulls on the first and second support 
assemblies 221 and 222 to move them relative to each other between the spread 
and stowed position. The control mechanism 240 of other embodiments can 
include one or more actuators electrically operated, pneumatically operated, or 
even manually operated. In still other embodiments the control mechanism 
controls the movement of the first and second support assemblies 221 and 222, 
but does not include an actuator. In Figure 2 the support assemblies 220 are 
shown in a stowed position. Phantom lines depict the support assemblies 220 in a 
spread position. Although the first and second support assemblies 221 and 222 
are shown in Figure 2 as a forward or aft support assembly pair, in other 
embodiments the first and second support assemblies 221 and 222 can include 
any two support assemblies of the vehicle support system 202. 

[0023] In Figure 2, a mechanical link 230 interconnects the first and second 

support assemblies 221 and 222. The mechanical link 230 can be configured to 
coordinate synchronized movements of the first and second support assemblies 
221 and 222, so that the first and second support assemblies move 
simultaneously between the stowed and spread positions. The mechanical link 
230 in the illustrated embodiment facilitates the coordinated and substantially 
symmetrical movement of the first and second support assemblies 221 and 222 
between the stowed and spread positions. 

[0024] In Figure 2 the first and second support assemblies 221 and 222 engage 

the support surface 208 via the wheel assemblies 270. Accordingly, it is not 
necessary to elevate the first and second support assemblies 221 and 222 prior to 
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moving them between the spread and stowed positions. The first and second 
support assemblies can be moved between the spread and stowed positions while 
the vehicle support system 202 is in motion. Although only two wheel assemblies 
270 are shown in Figure 2, other embodiments can have more or fewer wheel 
assemblies 270. In an alternate embodiment, the first and second support 
assemblies 221 and 222 can be elevated prior to being moved between the 
spread and stowed positions, for example, when the support assemblies directly 
engage the support surface 208 or engage the support surface via pads instead of 
wheel assemblies. In another embodiment, the control mechanism 240 can be 
configured to move the first and second support assemblies 221 and 222 of a 
stationary vehicle without elevating the first and second support assemblies 221 
and 222. For example, the control mechanism 240 can be sized to simply slide 
the wheel assemblies 270, pads, or support assembly engagement points across 
the support surface 208 when moving the first and second support assemblies 221 
and 222 between the spread and stowed positions. 
[0025] One advantage of the vehicle support system 202 of the foregoing 

embodiments is that the number of actuators can be reduced over the number 
used in the prior art, as depicted in Figure 1. For example, a single actuator can 
simultaneously move two support assemblies between the stowed and spread 
positions. By reducing the number of actuators used to move the support 
assemblies, the costs of manufacturing and maintenance of the vehicle support 
system can be reduced. Additionally, by reducing the number of actuators and/or 
total moving parts, less cleaning is required prior to moving the support 
assemblies during operations in environments where these actuators and parts 
can become packed with foreign material, further reducing the cost of operations. 
Furthermore, by reducing the number of required actuators, there are an increased 
number of protected areas available for placement of the control mechanisms 
and/or other moving parts where they are less likely to be damaged during 
operation. 

[0026] In certain embodiments, one or more locking devices can be used to 

releasably maintain the support assemblies 221 and 222 in one or more selected 
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positions. In Figure 2, the control mechanism 240 includes a locking device 260. 
The locking device 260 has a locked state that prevents the first and second 
support assemblies 221 and 222 from substantially moving relative to each other 
between the spread and stowed positions. The locking device 260 allows vehicle 
operation while the support assemblies 221 and 222 remain in a fixed 
configuration. For example, the locking device 260 can lock the first and second 
support assemblies 221 and 222 in the stowed position, so the vehicle can be 
driven on a road. The locking device 260 also has an unlocked state that allows 
the first and second support assemblies 221 and 222 to be moved between the 
spread and stowed positions in order to accomplish changes in configuration. The 
locking device 260 can be an automated device or a manually-operated device. In 
another embodiment, the locking device can be connected to the first and second 
support assemblies 221 and 222 adjacent to the control mechanism 240 or spaced 
apart from the control mechanism. 
[0027] Figure 3A is a partially schematic top plan view of a portion of a vehicle 

support system 302 with spreadable elongated support assemblies 320 pivotally 
coupled to a base 310 by support couplers 323, in accordance with another 
embodiment of the invention. The support system 302 of this embodiment has 
four support assemblies 320 connected to the base 310, although only a first 
support assembly 321 and a second support assembly 322 are shown. The first 
and second support assemblies 321 and 322 move relative to the base 310 and 
relative to each other between spread and stowed positions. Locking devices 361 
are pivotal locking devices built into the support couplers 323 that pivotally couple 
the first and second support assemblies 321 and 322 to the base 310. The locking 
devices 361 have locked states that releasably lock the first and second support 
assemblies 321 and 322 in selected positions and unlocked states that allow 
movement of the first and second support assembly 321 and 322 away from the 
selected positions. 

[0028] Figure 3B is a partially schematic top plan view of a portion of a vehicle 

support system 302 similar to the vehicle support system shown in Figure 3A, but 
having different locking devices 362, in accordance with a further embodiment of 
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the invention. The locking devices 362 include collars 363 located proximate to 
the first and second support assemblies 321 and 322. Locking pins 364 are used 
to couple the first and second support assemblies 321 and 322 to the collars 363, 
locking the first and second support assemblies 321 and 322 into selected 
positions (locked state). When the locking pins 364 are removed, the first and 
second support assemblies 321 and 322 are allowed to move away from the 
selected positions (unlocked state). 
[0029] In certain aspects of the above embodiments, the locking devices can lock 

the first and second support assemblies 321 and 322 in any one of a plurality of 
selected positions relative to the base 310. In other embodiments, a single locking 
device, having both a locked and unlocked state, can be used to lock both of the 
first and second support assemblies 321 and 322 in selected position(s) (e.g., as 
discussed above with reference to Figure 2 and below with reference to Figure 
5A). 

[0030] In another embodiment, shown in Figure 4, stops 450 are located proximate 

to first and second support assemblies 421 and 422. Each stop 450 is configured 
to prevent at least one of the first and second support assemblies 421 and 422 
from moving past its spread or stowed position. For example, in Figure 4 inner 
stops 451a and 451b are connected to the base 410 between the first and second 
support assemblies 421 and 422 and positioned to prevent the first and second 
support assemblies from moving toward each other (as shown by Arrows A) past 
the stowed position. Similarly, outer stops 452a and 452b are connected to the 
base 410 and positioned to prevent the first and second support assemblies 421 
and 422 from moving away from each other (as shown by Arrows B) beyond the 
spread position. In at least one embodiment, the inner and outer stops 451a, 
451b, 452a, and 452b can be adjustable, thereby adjusting spread and stowed 
positions of the first and second support assemblies 421 and 422 relative to the 
base 410. 

[0031] Figure 5A is a partially schematic top plan view of a portion of a vehicle 

support system 502 illustrating certain embodiments of the invention where locking 
devices, stops, and/or control mechanisms can operate via a mechanical link. 

[1 7029-8068/SL033300220.DOC] -9- 3/24/04 



Figure 5A shows a vehicle support system 502 with spreadable support 
assemblies 521 and 522 pivotally coupled to a base 510 and interconnected by a 
mechanical link 530. The first and second support assemblies 521 and 522 can 
move relative to the base 510 and relative to each other between spread and 
stowed positions. The mechanical link 530 coordinates the movement of the first 
and second support assemblies 521 and 522 so that they move together in a 
coordinated fashion between the stowed and spread positions. 
[0032] Because the mechanical link 530 coordinates the movement of the first and 

second support assemblies 521 and 522, a locking device 560 coupled to the 
mechanical link 530 can be used to lock the mechanical link into selected 
positions, thereby locking the first and second support assemblies 521 and 522 
into selected positions. When the mechanical link 530 is unlocked and allowed to 
move, the first and second support assemblies 521 and 522 are also allowed to 
move. As discussed in the foregoing embodiments, the locking device 560 can 
include various locking devices, including a pivotal locking device (as shown in 
Figure 5A) or a collar and pin arrangement configured to operate on the 
mechanical link. 

[0033] In another embodiment, one or more stops can be positioned to limit the 

range of motion of the mechanical link 530. When the mechanical link 530 
engages a stop and is prevented from further movement, the first and second 
support assemblies 521 and 522 are also prevented from moving beyond 
corresponding positions. For example, one or more pivotal stops could replace 
the locking device 560 shown in Figure 5A, preventing movement of the 
mechanical link 530 beyond one or more selected positions corresponding to the 
first and second support assemblies 521 and 522 being in a spread and/or stowed 
position. 

[0034] In still another embodiment, a control mechanism 540 can interconnect the 

first and second support assemblies 521 and 522 via the mechanical link 530. As 
the control mechanism 540 controls movement of the mechanical link 530, 
movement of the first and second support assemblies 521 and 522 is also 
controlled. For example, if the control mechanism 540 includes an actuator that 
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moves the mechanical link 530 to a selected position, the first and second support 
assemblies 521 and 522 will move in a coordinated fashion to corresponding 
selected positions. 

[0035] In other embodiments, the mechanical link can be used to coordinate the 

movement of other support assemblies. For example, as shown in Figure 5B, a 
first mechanical link 530a can interconnect a first support assembly 521 with a 
third support assembly 524, coordinating the synchronized movement of the first 
and third support assemblies 521 and 524. A second mechanical link 530b can 
interconnect a second support assembly 522 with a fourth support assembly 525, 
coordinating the synchronized movement of the second and fourth support 
assemblies 522 and 525. Accordingly, a single control mechanism 540 
interconnecting the first and second support assemblies 521 and 522, directly (as 
shown in Figure 5B) or through the first and second mechanical links 530a and 
530b, can control the pivotal movement of all four support assemblies 521, 522, 
524, and 525. Other embodiments can include other arrangements, for example, 
a first mechanical link can interconnect a second support assembly and a third 
support assembly, and a second mechanical link can interconnect the third 
support assembly and a fourth support assembly. Accordingly, a single control 
mechanism interconnecting the first and second support assemblies can control 
the pivotal movement of all four support assemblies. Still other embodiments can 
include at least one mechanical link that coordinates the movement of more than 
two support assemblies. 

[0036] One advantage of foregoing embodiments is that the use of locking devices 

and stops can enhance the operation of and/or reduce the design requirements of 
the control mechanism. For example, when a control mechanism includes an 
actuator and locking devices are used to lock the support assemblies in place, the 
size of the actuator can be reduced, further reducing manufacturing and 
maintenance costs. 

[0037] Figure 6 is a partially schematic top plan view of a portion of a vehicle 

support system 602 with spreadable support assemblies 621 and 622 pivotally 
coupled to a base 610 and a control system 680 in accordance with other 
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embodiments of the invention. The vehicle support system 602 includes a plurality 
of wheel assemblies 670, of which only a first wheel assembly 671 and a second 
wheel assembly 672 are shown. The first wheel assembly 671 is coupled to the 
first support assembly 621 and the second wheel assembly 672 is coupled to the 
second support assembly 622. A first steering mechanism 676 is coupled to the 
first wheel assembly 671 and to the first support assembly 621 . A second steering 
mechanism 677 is coupled to the second wheel assembly 672 and to the second 
support assembly 622. The first and second steering mechanisms 676 and 677 
can be configured to independently position the corresponding first and second 
wheel assemblies 671 and 672 relative to the first and second support assemblies 
621 and 622. 

[0038] In the illustrated embodiment, the control system 680 is coupled to the first 

and second steering mechanism 676 and 677 and is configured to command 
selected angular positions of the first and second wheel assemblies 671 and 672 
relative to the base 610 to steer and maneuver the vehicle. The control system 
680 can also be configured to control the first and second steering mechanisms 
676 and 677 so as to compensate as needed depending upon whether the first 
and second support assemblies 621 and 622 are in the spread position, the 
stowed position, or an intermediate position. Accordingly, the vehicle can be 
steered or maneuvered regardless of the position of the first and second support 
assemblies 621 and 622. 

[0039] The control system 680 can also be configured to independently position 

the first and second support assemblies 621 and 622 to compensate for the 
different turn radius of an inside and outside wheel during a turn. For example, to 
avoid wheel scrub during a turn, the wheel assembly 670 on the inside of a turn 
can be positioned at a sharper angle relative to the base 610 than the wheel 
assembly 670 on the outside of the turn. The angular difference between the 
inside and outside wheel assemblies 670 can be increased or decreased based on 
the position of the first and second support assemblies 621 and 622 and the 
corresponding distance between the wheel assemblies 670. The control system 
680 can also be configured to provide true crab steering and other features 
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described in U.S. Patent Number 6,371,243, which is fully incorporated herein in 
its entirety by reference. 
[0040] The control system 680 can be electrically operated (e.g., the control 

system 680 can include a microprocessor) or mechanically operated. The control 
system 680 is coupled to the first and second steering mechanisms 676 and 677 
by signal paths 682. The signal paths 682 can be configured to carry any type of 
signal, including electrical, optical, mechanical, or hydraulic. In Figure 6, only one 
electrical signal path 682 coupling the control system 680 and the first steering 
mechanism 676 is shown for purposes of illustration. The control system 680 can 
be coupled to other steering mechanisms in a similar manner when the vehicle is 
so equipped. 

[0041] In one embodiment, sensors 685 can be coupled to the first and second 

support members 621 and 622 and configured to determine an angular position of 
the first and second wheel assemblies 671 and 672 relative to the base 610. In 
Figure 6, six sensors 685 are shown as two wheel sensors 685a and 685b, two 
support sensors 685c and 685d, a link sensor 685e, and a control sensor 685f. 
Other embodiments can have more or fewer sensors 685. The sensors 685 can 
include various different types of sensors including optical, electrical, and 
mechanical sensors. Although each sensor 685 can be operatively coupled to the 
control system 680 by signal paths 682, for purposes of illustration, only one signal 
path 682 is shown coupling the control system 680 with the second sensor 685c. 
The signal paths 682 can be configured to carry any type of signal, including 
electrical, optical, mechanical, or hydraulic. 

[0042] In Figure 6, the wheel sensors 685a and 685b are configured to determine 

an angular position of the first and second wheel assemblies 671 and 672 relative 
to the corresponding first and second support assemblies 621 and 622. The 
support sensors 685c and 685d are configured to determine a position of the first 
and second support assemblies 621 and 622 relative to the base 610. The control 
system 680 uses these positions to determine the position of the wheel 
assemblies 671 and 672 relative to the base 610. Accordingly, the control system 
680 can send signals to the first and second steering mechanisms 676 and 677 to 
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command appropriate angular positions of the first and second wheel assemblies 

671 and 672 relative to the base 610 in response to operator input 683. 

[0043] In other embodiments, the wheel sensors 685a and 685b determine an 

angular position of the first and second wheel assemblies 671 and 672 relative to 
the corresponding first and second support assemblies 621 and 622, but different 
support sensors can be used to determine the position of the first and second 
support assemblies 621 and 622 relative to the base 610. For example, the link 
sensor 685e can be configured to detect a position of the mechanical link 630, 
which corresponds to positions of the first and second support assemblies 621 and 
622 relative to the base 610. Alternately, either support sensors 685c or 685d can 
be used to detect the position of its respective support assembly 621 or 622 
relative to the base 610. Because this position corresponds to a position of the 
mechanical link 630, which in turn corresponds to a position of the other support 
assembly 621 or 622, the position of both support assemblies 621 and 622 relative 
to the base 610 can be determined. In another embodiment, the control sensor 
685f can be configured to detect a position of a control mechanism 640, which 
corresponds to positions of the first and second support assemblies 621 and 622 
relative to the base 610. In further embodiments, the angular positions of the first 
and second wheel assemblies 671 and 672 relative to the corresponding first and 
second support assemblies 621 and 622 can be determined by different wheel 
sensors that detect the position of the first and second steering mechanisms 676 
and 677. 

[0044] The control system 680 can also be used to position the wheel assemblies 

670 as the vehicle is moving forward or in reverse to create a force (shown by 
Arrows F in Figure 6) that urges the first and second support assemblies 621 and 
622 to pivot and move relative to one another as the vehicle support system 602 
translates. For example, the control system 680 can command angular positions 
of the first and second wheel assemblies 671 and 672 such that the first and 
second wheel assemblies 671 and 672 tend to converge or diverge as the vehicle 
support system 602 translates and the first and second wheel assemblies 671 and 

672 roll on a support surface. The force created by the first and second wheel 
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assemblies 671 and 672 can be used to move the first and second support 
assemblies 621 and 622 toward the stowed or spread positions. This force 
created by the first and second wheel assemblies 621 and 622 can also be 
summed with forces created by other features, for example, a control mechanism 
640 to move the first and second support assemblies 621 and 622 between the 
stowed and spread positions. Translation of the vehicle support system 602 can 
be due to internal or external forces. In one embodiment, the vehicle support 
system 602 can be installed in a vehicle and can translate because the vehicle is 
towed. In another embodiment, the vehicle support system 602 can be self- 
propelled. 

[0045] One feature of foregoing embodiments is that movement of the support 

assemblies can be accomplished without an actuator by using a control system, 
steering mechanisms, and wheel assemblies, thereby reducing the manufacturing 
and maintenance costs. Even if a control mechanism that includes an actuator is 
used to move the support assemblies, the control system, steering mechanisms, 
and wheel assemblies can be used to create a force that urges the support 
assemblies toward the spread and stowed positions, reducing the actuation force 
that the actuator is required to generate. This can reduce wear and tear on the 
associated structure and actuator, and can reduce the actuation design 
requirements, thereby reducing manufacturing and maintenance costs. 

[0046] Additionally, any of the foregoing embodiments can include a tool or a 

basket coupled to the base of the vehicle. For example, Figure 7 is a partially 
schematic side elevation view of a vehicle support system 702 with a basket 705 
coupled to the base 710 in accordance with an embodiment of the invention. The 
basket 705 can be coupled to the base 710 by an extendable support 706 that 
allows an operator to raise and lower the basket 705. At least one of the support 
assemblies 720 can be vertically movable, as shown by Arrows A and B. In 
Figure 7, all four of the support assemblies 720 are vertically movable. In other 
embodiments, the vehicle can have more or fewer vertically movable support 
assemblies. 
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[0047] Furthermore, any of the foregoing embodiments can be used to create 

vertical movement of a portion of the vehicle. For example, Figure 8 is a partially 
schematic side elevation view of a vehicle support system 802 with a tool 804 in 
accordance with another embodiment of the invention. In Figure 8, the vehicle 
support system 802 includes a base 810 that is an integral part of the tool 804. 
The tool 804 can be configured for use by an operator and can include space 
where the operator can ride. In Figure 8, all four of the support assemblies 820 
are vertically movable (as shown by Arrows A and B) and the vertical motion of the 
support assemblies 820 is controlled by two control mechanisms 840. In Figure 8, 
the spread and stowed positions have the effect of raising and lowering the base 
810 and tool 804. 

[0048] From the foregoing, it will be appreciated that specific embodiments of the 

invention have been described herein for purposes of illustration, but that various 
modifications may be made without deviating from the spirit and scope of the 
invention. For example, in one embodiment, a control system, steering 
mechanisms, and wheel assemblies can be used to urge movement of the support 
assemblies without the aid of a mechanical link or a control mechanism. In other 
embodiments, a control system, steering mechanisms, and wheel assemblies can 
be used to urge movement of the support assemblies (without the aid of a control 
mechanism) and locking devices can be used to lock at least one support 
assembly into a selected position. Accordingly, the invention is not limited except 
as by the appended claims. 
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